The epidemiology of Uropathogenic Escherichia coli (UPEC) in urban and rural communities in Iran was never investigated prior to this study. Objectives: The aims of this study were to detect the frequency of virulence genes and determine the antimicrobial susceptibility and phylogenetic background of Escherichia coli isolates collected from urban and rural communities. Materials and Methods: A total of 100 E. coli isolates were collected from urine samples of patients with urinary tract infections (UTIs) residing in two different locations, and confirmed by current biochemical tests. The phylogenetic groups were determined by the triplexpolymerase chain reaction (PCR) method, and multiplex PCRs were used to detect eight Vf genes (fimH, iucD, irp2, hlyA, ompT, iha, iroN, and cnf1). The susceptibility profile of E. coli isolates was determined by the disk diffusion method. Results: Ninety-five percent of UPEC showed at least one of the virulence genes, the most prevalent being fimH (95%), followed by irp2 (89%), iucD (69%), ompT (67%), iroN (29%), and iha (29%). The various combinations of detected genes were designated as virulence patterns. Phylogenetic groups, B2 (55%) and D (22%), comprised the majority of isolated strains. Phenotypic tests showed that 92%, 74% and 71% of the isolates were resistant to ampicillin, ceftizoxime and cefixime, respectively. Conclusions: These findings indicate that the UPEC isolates had eight virulence factors with high frequencies. Moreover, these results suggest a direct connection between virulence factors, gene diversity, phylogenetic background, and antimicrobial resistance in UPEC isolates.
Background
Escherichia coli generally exist as harmless commensal organisms on the mucous membranes of humans and other warm-blooded animals (1) . Intestine and extraintestinal variants are responsible for various diseases in these hosts (2, 3) . Extra-intestinal pathogenic Escherichia coli (ExPEC) infections are now the most common cause of healthcare-associated infections (4) (5) (6) (7) . These infections are caused by strains harboring numerous virulence factors located on plasmids or chromosomes (8) . Variations in genetic backgrounds and the distribution (presence/absence) of putative extraintestinal virulence factor in bacteria may contribute, in part, to the commensalism-versus-virulence duality of E. coli. According to phylogenetic classifications, ExPEC strains belong mostly to phylogenetic group B2 and, to a lesser extent, group D, whereas commensal intestinal strains generally belong to phylogenetic groups A and B1 (9) . The most common pathotype of ExPEC is found among patients with urinary tract infections (UTI) (10) . In addition, UPEC strains are often characterized by the presence of special virulence factors. For example, pathogenic E. coli strains are more likely to have genes encoding various combinations of adhesins (type 1 fimbria), iroN acquisition systems (e.g. aerobactin and yersiniabactin) and toxins (e.g. hemolysin and cytonecrotizing factor) (11) (12) (13) . In general, virulence determinants are often carried by 90% of strains of phylogenetic groups B2 and D, and are lacking in groups A and B1 strains (10, 14, 15) . A number of studies have been carried out to determine the types of virulence factors in pathogenic E. coli isolated from hospitals of Iran (16, 17) . In spite of the presence of virulence determinants amongst E. coli, which have been reported from Iran (18) , there is no information on their geographical distribution pattern.
Objectives
In this study, we analyzed urine samples of clinically diagnosed UTI patients to determine the phylogenetic group, genetic diversity, and virulence gene distribution of 100 E. coli urine isolates. The distributions of known virulence factors among phylogenetic groups were also studied.
Materials and Methods

Bacterial Strains
One hundred E. coli strains were recovered by urine culture from 100 consecutive adults with urinary tract infection between January and July 2013 in Zabol, Iran. The isolates were characterized using conventional biochemical tests and were kept in Luria-Bertani glycerol at -70°C.
Antimicrobial Susceptibility Testing
The antibiotic susceptibility of all isolates was determined using standard Kirby-Bauer disk diffusion on Mueller-Hinton agar (Oxoid), according to the recommendations of the clinical and laboratory standards institute (CLSI-2012) (19) . The antibiotics employed in this study were ampicillin (Am) 10 μg, azithromycin (AZM) 30 μg, ceftizoxime (CZ) 30 μg, ciprofloxacin (CP) 5 μg, gentamicin (Gm) 10 μg, cefixime (CFM) 30 μg, cefotaxime (CTX) 10 μg and ceftazidime (Caz) 30 μg (20).
Detection of Virulence Determinants by Multiplex-Polymerase Chain Reaction (PCR)
All isolates were tested for eight putative virulence factor genes characteristic of ExPEC strains (fimH, type 1 fimbriae; iucD, aerobactin; hlyA, hemolysin; cnf-1, cytotoxic necrotizing factor; ompT, outer membrane protease; iha, IrgA homologue adhesin, and iron/irp2, iron uptake system). The multiplex-PCR was carried out in a 25 μl volume with 12.5 μl of Taq DNA polymerase 2 × master mix red (ampliqon), 1 μl primer (10 pmol of each primer), 8.5 ul ddH 2 O, and 3 μl of bacterial lysate. Polymerase chain reaction was performed with an Eppendorf Mastercycler Pro under the following conditions: initial denaturation step for five minutes at 94°C, followed by 30 cycles for 60 seconds at 94°C, 50 seconds at 59°C, and 70 seconds at 72°C; and the reactions were finalized by an elongation step for six minutes at 72°C. The specific primers used for the PCR are shown in Table 1 .
Phylogenetic Classification
The phylogenetic grouping of the E. coli isolates was determined by a PCR-based method, recently developed by Clermont et al. (9) . The PCR conditions were that described by Rashki (2014).
Random Amplified Polymorphic DNA Analysis in Uropathogenic Escherichia coli
Bacterial isolates included in this study were screened by PCR for random amplified polymorphic DNA (RAPD) analysis. Each PCR was carried out in a 25 μL volume containing, 12.5 μl of Taq DNA polymerase 2 × master mMix red (ampliqon), 50 pmol H1 primer (5 5'-GAG GGT GGC GGT TCT-3') and H2 primer (5'-CGG CAG CGC C-3'), and 2 μl of template DNA suspension. Polymerase Chain Reaction amplifications were performed on an Eppendorf Mastercycler Pro (Germany), starting with a denaturation step of five minutes at 94°C, followed by 10 cycles of one minute at 94°C, one minute at 50°C and one minute at 72°C and 30 cycles of one minute at 94°C, one minute at 35°C and one minute at 72°C, and a final extension step of five minutes at 72°C. The RAPD product fragment was analyzed on 2% agarose gel containing ethidium bromide (0.5 mg/L) with tris-acetate-ethylenediaminetetra acetic acid (TAE) running buffer (40 mM Tris-acetate, 1 mM EDTA, pH 8.0). 
R-ATCAGCAGTACAGCAAACAGGG A 100 bp molecular marker was included on all gels. After electrophoresis, the gels were photographed with a gel cam polaroid camera and the RAPD banding patterns were scored visually.
Statistical Analysis
Fisher's exact test was used for statistical analysis. P values of < 0.05 were considered statistically significant.
Results
A total of 100 E. coli strains isolated from patients with symptomatic UTIs were enrolled in the current investigation.
Distribution of Antimicrobial Resistance Genes in Uropathogenic Escherichia coli
The disk diffusion method indicated that the UPEC had maximum resistance to ampicillin (92%), ceftizoxime (74%), and cefixime (71%) antibiotics while resistance to gentamycin (19%) was minimum (Table 1) . Besides, the UPEC isolates had 53%, 65%, 55% and 43% resistances to azithromycin, cefotaxime, ceftazidime, and ciprofloxacin antibiotics, respectively. In total, resistance to gentamycin and ciprofloxacin were minimal (19% and 43%, respectively) ( Table 2 ).
Prevalence of Virulence Factors
All the selected extraintestinal virulence genes were detected, ranging in prevalence from 28% (cnf1) to 95% (fimH) (Figure 1 ). The most prevalent virulence genes, in descending order, were fimH (95%), irp2 (89%), iucD (69%), ompT (67%), hlyA (32%), iroN, iha (29% each), and cnf1 (28%) ( Figure  1 ). All the cnf1-positive isolates also harbored the hlyA gene. Thirty-one virulence profiles were identified among 100 uropathogenic E. coli isolates. Overall, the PCR-based virulence genotyping method indicated that the E. coli isolates carried one to eight of the eight selected virulence-associated genes. There were eight isolates harboring one virulence gene, seven isolates harboring two virulence genes, seventeen isolates harboring three genes, and the rest harbored at least four of the genes (Table 3 ).
Distribution of Urinary Tract Infection Escherichia coli Isolates Among Four Phylogenetic Groups
Amongst the total of 100 E. coli isolates, 55 (55%) belonged to phylogenetic group B2 (Table 2) . Of the remaining isolates, 22 (22%), 17 (17%) and 6 (6%) isolates belonged to the D, A and B1 groups, respectively. Group B2 strains were the most common and group B1 strains were the least common in the UTI specimen collections
Phylogenetic Distribution of Virulence Genes
The distribution of eight well-known virulence genes was examined amongst four phylogenetic groups in 100 E. coli isolates ( Table 3 ). Most of these virulence genes were most frequently present in either phylogenetic group B2 or D isolates, regardless of collection. The fimH, cnf1, iucD, iroN, hlyA, ompT, iha, and irp2 were strongly associated with group B2 and D strains (Figure 3) . Almost all virulence genes, hlyA and cnf1, were confined to group B2 strains. More than 90% of the 32 hlyA positive and 96% of the 28 cnf1-positive strains were of group B2. There was a high number of resistant strains, with 70% of the strains belonging to groups B2 and D, characterized as Multi-Drug Resistance (MDR), whereas only 18% had this phenotype in group A and B1.
Random Amplified Polymorphic DNA Analysis
The genetic structure of E. coli isolates and the genetic links between strains were analyzed by RAPD analysis with two primers. The genetic relationships among these 86 RAPD types are shown in Figure 2 . Four main divergent clusters, I-V, are evident. Cluster I, is genetically heterogeneous and distributed through four subclusters and more belong to group B2 exclusively (Figure 3 ). Subcluster B, C, and D are very heterogeneous containing different molecular weights with a range from five to eight bands. Cluster III, IV, and V are also genetically heterogeneous and more belong to group A and D, exclusively. The number of bands varied within all isolates, and it ranged between three and eight bands. Even amongst the uropathogenic isolates, little similarity between profiles was observed, yet all the bands were very clear. This revealed the wide genetic diversity of the uropathogenic isolates. 
Discussion
The niche of UPEC is the mucous layer of the bladder and nephron. This organism is distinct from intestinal commensal E. coli, and has specific fitness and virulence, which attributes and allows adaptation to other niches (e.g. central nervous system and blood) and confers enhanced ability to cause a broad spectrum of diseases in extraintestinal sites. These virulent clones make up the ExPEC population, of which the UPEC group is the most commonly associated with human diseases (14, 16, 22, 23) . Despite a relatively in-depth knowledge on UPEC virulence mechanisms, there is no licensed vaccine to prevent UTIs, which account for morbidity and substantial medical costs worldwide (24) . Thus, in order to prevent or control these infections, active clinical and microbiological surveillance is essential. In the present study, we investigated phylogenetic distribution and prevalence of eight urovirulence genes, and the antibacterial resistance pattern in a collection of 100 E. coli isolates collected from patients with urinary tract infection. Accordingly, we used a molecular approach, namely multiplex PCR-based assay, to detect genes encoding putative or proven virulence factors and phylogenetic background as predictors of presumed extraintestinal virulence potential. The ExPEC strains usually belong to phylogenetic group B2 and to a lesser extent to group D, whilst commensal strains are derived from groups A and B1 (16, (25) (26) (27) . The rapid PCR-based phylogenetic typing developed by Clermont et al. (9) has been proven to be useful for rapid screening of putative ExPEC. According to this method, the majority of the studied isolates, 55 strains (55%), belonged to group B2. Twenty-two isolates (22%) were assigned to group D, 17 (17%) to group A, and 6 (6%) to group B1. As previously found by other studies (14) , our results show that group B2 is globally the most frequent E. coli biotype in UTIs. Regarding previous studies examining UPEC, we found a lower percentage of prevalence of group B2-derived isolates than Moreno et (30) . We observed that group B1-derived isolates seemed to be less suited for colonizing the urinary tract (six out of 100 isolates). By adding the virulence genotyping, we further assessed the pathogenic potential of the E. coli isolates. According to the findings of this study, a significant proportion (99%) of the isolates harbored at least one virulent gene. The isolates examined were genetically diverse, as revealed by the RAPD typing method (Figure 2 ), yet some of them displayed identical virulence genotypes. Among these isolates, 11 comprised genes encoding two adherence systems (type 1 fimbriae and iha adhesins), three toxins (hemolysin, ompT, and cnf1) and two iroN accumulation systems (iroN and iucD), and 17 isolates harbored six virulence genes; all isolates belonged to the phylogenetic group B2. Consistent with previous observations (16, 30) , group B2 strains showed the highest virulence scores and consequently the most diverse virulence profiles (14 of the 31 virulence gene pro-files were identified in this group). However, ExPEC specific genes were also found in isolates derived from non-B2 groups. The phylogenetic distribution of the targeted virulence genes was obvious, with either predominance or exclusive concentration of some of them within B2 and/ or D groups or dissemination across all the four groups. This kind of distribution was previously reported (14, 31) , being explained by the species' evolution based on the ongoing vertical inheritance and horizontal transmission of the various virulence factors (14, 32) . Of note, within our collection we found a very high prevalence of ompT, iucD, and irp2 genes, which were the second most frequent genes overall. Among eight VFs detected, fimH was found to be present in nearly all the strains (95%), which reflects an origin in a shared enterobacterial ancestor. The aerobactin gene cluster (iuc) and ferri-aerobactin receptor contribute to the virulence of highly pathogenic E. coli, and are primarily identified in Yersiniae and involved in iroN uptake mediated by siderophore yersiniabactin. The horizontal transfer of the HPI between Yersinia spp. and E. coli has already been documented and its presence was detected in intestinal and extraintestinal clinical E. coli isolates (33, 34) . Twenty-five isolates harbored the genes hlyA and cnf1, characteristic of the PAI IIJ96-like domain. The most frequent antibacterial drugs prescribed for UTIs' treatment are trimethoprim-sulfamethoxazole, cephalosporins, semi-synthetic penicillins with or without beta-lactamase inhibitors and quinolones (10, 17) ; however, our results proved that resistance to ampicillin, sulfamethoxazole-trimethoprim, ceftizoxime, and cefotaxime were 92%, 71%, 74% and 65%, respectively. Higher susceptibility (≥ 50%) occurred for gentamicin (81%), and ciprofloxacin (57%). Our results are comparable with that of other researchers (10, 16, 27) . The high susceptibility of Escherichia coli isolates to gentamicin was consistent with reports by Momtaz et al. (17) and Osugui et al. (10) . High frequency of resistant UPEC strains to more than one antibiotic was observed in the present work and it was in agreement with previous studies (35) . In this study, antibiotic resistance pattern of isolates were compared with regards to phylogenetic background. As shown in Table 3 , no phylogenetic differences in antibiotic resistance of the strains were observed.
In conclusion, based on our results, fimH, iucD, irp2 and ompT virulence genes, and resistance to ampicillin, sulfamethoxazole-trimethoprim, ceftizoxime, and cefotaxime had the highest frequencies in E. coli isolates collected from UTIs patients. The results of our study revealed the high distribution of virulence factors among UPEC isolates. In addition, antibiotics resistance was observed in percentage of UPEC isolates and we recommend using antibiotics only in severe conditions and applying strong antibiotics and multi antibiotic descriptions.
